general use in the ore field. Concurrently with the introduction of wet drills, considerable attention was paid to improving ventilation, and exhaust fans were installed. A further technical advance in allaying the dust after blasting was made through the introduction and development of the mist projector in 1935. Before the introduction of pneumatic drills it was traditionally believed, amongst both laymen and the medical profession, that haematite iron ore mining was a very healthy occupation. After the introduction of pneumatic drills in 1913 all the evils which occurred were attributed to their use. Notwithstanding the tradition, Collis (1923) made the suggestive observations that in 1910 the haematite miners of Cumberland and Lancashire contrasted with all other ironstone miners in the country, in showing not only a higher mortality from phthisis and other pulmonary diseases, but also a maximum mortality from phthisis at a later age period.
Cronin (1926) , after an investigation, including the inspection of four mines and the examination and interrogation of 100 drillers, pointed out some highly unsatisfactory features. He drew attention to the dustiness of the working places, and to the frequent lack of ventilation at the working faces. He showed that a percentage of the men became short of breath after working for long periods in the, mines, and concluded that the inhalation of haematite dust produces certain changes in the lungs which are diffuse and not localized and which affect the apices more than the bases. He added that 'the changes do not give rise to the pulmonary diseasesi.e. asthma, bronchitis, pneumonia, and phthisiswhich commonly result from dust inhalation.' In 1933 the 'Committee on Industrial Pulmonary Disease' of the Medical Research Council issued a report with the following conclusions:
1. A certain proportion of haematite miners suffer from a form of pneumoconiosis caused by the inhalation ofmine dust containing both finely divided haematite and silica. There appears to be a notable pre-When it was realized that there was a risk to health and life in the processes of haematite mining, the management were very soon investigating the facts and considering means of improving conditions. Wet drills had already been introduced into the Florence and Ullcoats mines, and these were soon adopted by other companies. At the same time the manager of the Florence and Ullcoats mines was spending much time and thought on the question of dust suppression after blasting. In 1934 a scheme was conceived for the closest co-operation between mining and medical control in order to improve the health of the industry. The three largest mining concerns formed a small company to control this work, and I was appointed medical director. A house was purchased in Whitehaven and equipped with a large x-ray and clinical room with a modem high power x-ray plant that can take chest radiographs at a distance of 6 feet and with an exposure of a 1/20th of a second; a large waiting room; a fully equipped laboratory, both clinical and pathological, in which the routine and research studies are carried out; an office and filing room so that consecutive yearly records can be kept of each workman.
In 1935 the Silicosis Act came into being for the haematite iron ore mining industry. The country was still in a state of industrial depression, and there was much under-nourishment in the Egremont district. The managements decided to make examination of all workmen entering the industry compulsory.
The Problems
Three main policies were decided on: (1) the selection of men suitable for work underground; (2) the institution and maintenance of optimum working conditions underground; and (3) medical supervision of selected workmen.
A long-term investigation was also started on the significance and magnitude of the problem of pneumoconiosis.
Estimation of the Hazard
The haematite mines of the north-west coast comprise three separate and distinct groups: (a) The following facts are from the findings at necropsies performed in the last 10 years, and show that the x-ray shadows conform accurately to the pathological anatomy. It is found convenient to classify the radiological types as follows: (1) normal; (2) exaggerated linear markings; (3) radiological reticulations; (4) radiological nodulation; (5) silicosis. due to mixed dusts. At necropsy 75 per cent. of these cases have shown conclusive evidence of tuberculous infection.
1. The massive type of lesion is most marked in the upper half of both lungs. The areas are completely airless and excessively hard, often with sharply defined margins. The colour is brick red. The less fibrosed area is chiefly basal, and is tough rather than hard and often emphysematous; bullae are frequently present. Fig. 12 shows the radiograph of a lung of this type, and fig. 13 the actual lung.
2. The diffuse type of lesion is more uniform in appearance. The whole organ is brick red and obviously fibrosed, with a co!our less brilliant and not so hard, and is also emphysematous.
3. The nodular type of lesion co-exists with massive lesions, and it is interesting to note that nodules of some size always co-exist with active tuberculosis. The chemical analysis of the lung illustrated in fig. 13 showed: percentage silica to lung 1-14; percentage silica to ash 7-1; percentage Fe2O3 to lung 6-8; percentage Fe2O3 to ash 40.
In the aerated lung classical nodules are found and they are present only with active tuberculosis. In the fibro-caseous masses there is nodulation of a closely packed type, and each nodule has a structuireless caseous centre with haematite and silica at the periphery.
A radiograph of a case of silico-tuberculosis is seen in fig. 14 The significance of this change and the pathology of this condition have been discussed earlier in this paper, and it has been demonstrated that the changes are due, in most cases, to the simple accumulation ofthe inspired dust in the lung alveoli and in the lymphatic channels surrounding the blood vessels of the lung. There is no evidence of mature fibrous tissue, which is the diagnostic feature of the classical type of fibrosis. The radiological appearances are due to dense shadows formed by the intense radioopacity of the particulate haematite.
A detailed and comprehensive study was carried out amongst these men to find out if those with reticulation had been affected physically by the simple accumulation of haematite dust in the lungs. The following is a brief example of the various investigations.
1. Tolerance to exercise.-This simple test was carried out in a series of normal men, and in a series of men with reticulation who were of similar age groups, and the difference was not found to be significant. 2. Total lung volume.-This was performed in the same men to find out if there was any impairment of the lung reserve amongst men with reticulation; in a series of 310 cases no difference' in results was found between men who had not been miners or mine workers, and those miners who showed evidence of radiological reticulation.
3. History ofshortness ofbreath.-No significant findings were obtained.
A group of men (84) was similarly examined from a mine in the Furness district. In this mine, the ore is much softer and more easily worked. The chief method of mining is by pneumatic pick, and the amount of explosive used to loosen the ore is consequently much smaller. The age groups were similar to those of the Egremont district group of men, but with a preponderance of older workmen. In the series, 5 men of an average age of 57 years were found to show some radiological changes, rather suggestive of a very early reticular change, but all these men had worked for a number of years in the American copper mines. Ofthe men who had worked all their life in the Furness district, none showed any evidence of massive shadows, and none showed any evidence of radiographic reticulation.
The difference of the findings for these two districts of Egremont and Furness is significant, as the chemical composition of the ore is very similar, but, as already stated, the physical composition of the two ore-bodies is different, that in the Egremont district being hard and solid, and that in the Furness district softer. In the Egremont district, due to the nature of the ore, dust of very small particulate size is produced by the processes both of drilling and of blasting, whereas the pneumatic picks and smaller explosions in the Furness area probably do not break up the ore mass into such small particles. These facts support the generally accepted theory that the nocuousness of the dust is directly proportionate to the particulate size.
The real proof of the seriousness of a disease cannot be found in statistics of the various types of the condition, but in the number of men who are incapacitated from performing their jobs and from enjoying their lives, and in the number of men who die from the disease. The incidence of deaths from tuberculosis in the haematite industry-as proved by necropsy-is 60 per cent.; and the real death rate may be even higher.
Mining Control
The new regime dates from 1935 until the present day. New conditions in control, both from the mining and medical point of view, have now been in operation for ten years.
Although attempts had been made from time to time to control dust formation by water, the sprays then in use had never been effective. In fact, conditions were often made worse by increasing the relative humidity 'of the atmosphere. The essential difference in the Wetherill apparatus was that a vapour mist was formed, and the actual water particles were of minute size. This mist is formed by allowing a trickle of water to enter through a T-piece into a pipe through which is blown compressed air. The result is a very heavy cloud or fog which fills the working place. It was soon found that water itself was only partly effective, as much of the fine dust cloud was left floating in the atmosphere, and the wetting effect on the ' dropped dust' soon evaporated and left conditions bad again as soon as there was any new disturbance to the' dropped dust.' Thus an agent was required to lower the surface tension of the water globule-and thereby to make them effective' in absorbing the small dust particles-and secondly, to make a sticky film on the' dropped dust 'and so prevent it from being disturbed again. Some oily substance was required, and, after experimental work, castor oil was found to answer the purpose. The oil was contained in a small canister with a supply pipe leading into the compressed air pipe. Fig. 16 shows the apparatus. The proportion of oil to water is about 1 in 100. The holes are first charged with pxplosive. The shot firer then lights the fuses, and on the way out he turns on the compressed air, the apparatus being previously fixed in position. After the mist projector has been going for 10 to 15 minutes, the working place is found to be atmospherically clear. At first it was the practice to drop a curtain behind the mist projector to confine the process, but it has been found with experience that conditions are much better without a curtain. Soon of about 600 F. Even when the temperature was high in midsummer, it was found that generally the temperature underground was less than that on the surface. This is certainly due to the cooling effect of the water mist. The relative humidity underground was always 90 per cent., because of the constant presence of mist from the sprays. Table 3 shows the average dust concentration associated with the various types of work, and in the various places. The mean dustiness throughout the working roads is in the region of 2,500 per c.cm., which means that, on an average, the number of particles of silica is 250 per c.cm. Size estimation by graticule shows that 87 per cent. of the particles are less than two microns in size, and this remaining dust is, in the author's opinion, difficult to reduce by any practical means according to our present knowledge. One of the mines was examined after 13 days lying idle, and even then it was found that dust counts in various localities varied from 140 to 210 particles per c.cm. In spite of the fact that there is still an appreciable amount of dust in the mines, it is certain that the actual dust concentration is now only a small fraction of what it was under the old conditions of working. In addition to the fact that the dust is so much less in amount it is also present in a different form of concentration. Numerous dust particles are bunched in an ' oil water' globule and this conglomeration of particles represents a mass of over 20 microns in size, which is much too large to be inhaled into the lung alveoli. It was thought that, owing to the silica particles being so much lighter than those of haematite, the ratio of silica to haematite would be much higher in the air-borne dust, but samples taken from various baffles of the labyrinth show the ratio to be strictly comparable to the ore being mined in the immediate vicinity.
Medical Control
As previously stated, ideal medical control necessitates the following conditions:
1. Pre-employment general examination to ensure that a man reaches an excellent general physical standard to fit him for the strenuous physical work that he will be required to perform. 2. Special examination of the lungs to ensure that this system is as perfect as possible. This necessitates a radiological examination. 3. Periodic complete medical examination at selected intervals to ensure that the workman's general condition remains satisfactory, and that his lungs are remaining free from evidence of dust inhalation.
Pre-employment examination In pre-war days these examinations were arranged through the mines management, and after the man was found suitable he was referred to the medical clinic. Now arrangements are made through the Ministry of Labour. It is a simple matter to do a routine examination and to say that a man has reached a certain physical standard, but it was soon found that 'a fit man was not necessarily a man fit for the hazards of mining.' During the large-scale examination of men who had worked in the mines, it was soon discovered that men were not all the same physically, and, moreover, it was found that the different types could be classified. In the main, there are two large physical groups (Kretchmer, 1934 ).
1. Pyknicosomatic.-Generally the man is of small stature and thick set, with short extremities, rounded, well-nourished appearance, and fresh complexion. The skeleton is small, and the fat on face, neck, and trunk is generous. The abdomen is large. The shoulders are narrow, and the chest tends to be barrel-shaped. These appearances become much more apparent in middle age, but the extreme type usually shows the characteristics in the middle twenties. This extreme type has a low lung reserve; in breathing his ribs rise forward in association with abdominal breathing. This group represents only 5 per cent. of the total of this class, yet in table 1, of the three cases of men who had worked underground less than 10 years and who showed radiographic reticulation, all belonged to this physical category.
2. Leptosomatic.-This is the other large physical group, and the extreme of this group is the asthenic type. They have an angular profile, the shoulders are narrow and sloping, the back is bent forward, and the thorax is round and long. This class represents about 10 per cent. of the male population of this district.
3. Intermediate.-Between these two groups is the large group of mixed types representing 85 per cent. of the male population of this district.
Of 49 consecutive cases with radiological changes who were suffering from shortness of breath of such a degree as to make them unfit for work, table 4 shows the different radiological categories classified according to the physical types of men. Very careful notes are taken at the pre-employment examination, and these are recorded on a medical card which is retained in a card index, the x-ray film is filed in a similar manner. The reverse of the card provides space for the records of follow-up examinations; thus as the years go on a serial record is obtained of new illnesses, the type of work that the man has been performing, his height, weight, x-ray findings, pulmonary capacity, etc. It was decided that a yearly examination should be carried out on each man, and this was done until the second year of the war, when travelling became too difficult. But during the last few months the former routine has been resumed, and arrears of examinations are being made up.
Disposal of Rejected Men.-Of the total number of men rejected, 98 per cent. are medically fit, and the only reason for rejection is that they are not considered fit for an industry that has a silicosis risk. A note is made of those who have active tuberculosis, or who have had tuberculosis which has become healed, and a full note, with the x-ray film, is sent to the family doctor. These cases are either notified and treated, or kept under observation -by the tuberculosis authority.
After 10 years 56 per cent. of the underground population in these mines are picked men who have been chosen carefully and are known to be in good health and with no radiological evidence of haematite accumulation in their lungs. They are also known not to be suffering from tuberculosis. Of the underground population under 40 years of age, 69 per cent. are picked men. The percentage of 'new miners' in each age group of underground workers is as follows: under 20, 100 per cent.; 20 to 29, 89 per cent.; 30 to 39, 59 per cent.; 40 to 49, 39 per cent.; 50+, 20 per cent. It is estimated that in another 10 years, with a normal intake of new men, 100 per cent. of the age group 20-30 will be chosen men, and almost 70 per cent. of the entire underground population will be 'new miners. ' Of workmen under 40 years of age employed in the haematite mining industry, the death rate from pulmonary tuberculosis is now nil.
Results of Mining and Medical Control
As it is now 10 years since the institution of ' new miners' and new methods of dust control in the -Egremont area, it is possible to draw some conclusions as to the effectiveness of the control methods. It is proposed to consider only the men who began work underground during the years 1935, 1936, and 1937, as this ensures that the men have had an average of over 8 years as underground workers. Some of the 411 men who were accepted during these years have been on surface work, so they were not taken into account for this study. There has also been a large wastage from men going to other work or joining the Forces. The number of men is thus only 66, but they have all had experience of actual machine work. Table 5 shows in the first column the 49 miners examined who worked in the old conditionis with less than 10 years' experience underground. This is the same as in table 1. In the second column is shown the result of examination of the total number of' new miners' with from 8 to 10 years' experience underground in the new conditions of mining and medical supervision. The new series shows that there has been no radiological change in the lungs of any of these men, the condition being exactly as it was 8 or 9 years ago. Thus at the present time it appears that 100 per cent. success has been achieved. It was hoped to be able to do a complete medical survey of the mines, but this has been impossible to achieve for many reasons. It has been possible, however, to examine 39 men who had been employed underground for from 20 to 30 years. These were all men who had worked underground until the day of examination and who were either being examined for some other reason, or who were being transferred from one mine to another. These men had not been examined before their original employment, and were, therefore, not physically picked men, but they had worked for almost half of their time in the new conditions of mining. Table 6 shows in the first columns the miners working under the old regime, and the second group are those who have worked for almost half their underground working life in the new conditions. Although the number in each group is small, the groups are comparable in numbers, average age, and average number of years worked underground, and each is an unselected sample.
Since the inclusion of this industry in the Silicosis Compensation Acts, the men have become ' silicosis minded,' and for some years the occupation of iron ore miners has not been a popular one. The men began by mistrusting the compulsory pre-employment medical examination, as they thought that the sole idea of the owners was to get rid of their obligations. Now that the men are realizing that the system is for their own good they are becoming reassured. It has now been possible to inform these new miners that 10 years' work underground has had no deleterious effect on their lungs, and it has been possible to convince them that they have actually improved physically.
Discussion on Pneumoconiosis due to Mixed
Haematite Dust From our present knowledge of the condition, it is agreed that industrial pulmonary fibrosis is due to particulate silicon dioxide (SiO2), and it must be inhaled in particles smaller than 5 microns in order to reach the lungs and cause an injurious reaction. The purer the silica the more closely does the reaction in the lung approach the classical type as exemplified in the South African Gold Field. In the case of haematite mining the reaction is in most cases very mild and very slow, and in ' radiological reticulation' the dust is practically lying inert, with none-or a very minimal-reaction in the host lung, the radio-opacity of the haematite iron ore giving the dense radiological picture. Experiments by Kettle (1932) proved that iron alone causes no reaction; in fact, by coating silica with iron he could prevent any reaction in the lung from occurring, and Carleton (1927), using haematite, was quite unable to demonstrate any fibrous reaction in the lungs of rabbits. The conclusion to be drawn from these findings is that the admixture of an inert dust retards or inhibits the reaction of silica and this has been proved by the brilliant work of Briscoe and others (1937) . Attempts have been made in this clinic to confirm this work, and it was found that Tuberculosis.-It has been shown both anatomically and chemically that these lungs contain large quantities of haematite, and as much silica as is usually present in ordinary cases of silicosis. Yet x-ray reticulation shows no fibrosis, although the amount of silica is quite adequate to produce actual silicosis. Tuberculosis is one obvious factor, and in cases of massive fibrosis without obvious tuberculosis, some evidence of very old and long-standing tuberculosis can often be found, and the large total silica and haematite content of these lungs is probably due to their being anchored in the lungs by the inflammatory fibrotic processes (probably almost always tuberculosis).
The coalescent or massive fibrosis is usually described as a merging together of discreet small nodules to form a new large mass, but in haematite fibrosis the large mass is certainly not formed in this way but always by a new inflammatory condition being superimposed, and the resulting masses are a direct outcome of the new process which in the large majority of cases is tuberculous.
A warning should be given about over-enthusiasm in the use of aluminium either in a preventive or curative capacity. Aluminium is in itself alleged to be innocuous; haematite also is innocuous. Aluminium depresses the solubility of silica, as does haematite; but in spite of these facts, it must be remembered that test-tube results cannot be applied to the human lung, and even the findings in animal experiments cannot be applied to human beings.
Too much reliance may be placed on these highly artificial methods, when it is only after a time-lag of 20 years that the effectiveness or otherwise of such a method can be truly assessed.
Conclusions
This paper has formulated the methods, both s1nedical and engineering, for the control of pneumoconiosis in the haematite mining industry in West Cumberland, but this is only part of a general service to improve the lot of the worker in these mines; to make him a better and happier workman, and to permit him to enjoy his work and leisure in comfort and good health. Such a service has now been functioning for more than 10 years, and the results are indeed heartening, but it is only as a result of constant vigilance from the mining and medical point of view that the plan can operate efficiently. The human element and its full understanding is by no means the least of the problems.
The mist projector is almost useless if it is not used efficiently, and it is found that three main reasons operate constantly in attempting to cancel out the benefits.
1. The enthusiasm of the hard-working miner tends to make him re-enter the working place much too soon, and before the spray has had enough time to do its work. 2. The laziness of some workmen make them just ' not bother ' and so they jeopardize not only their own future good health but that of their fellows. 3. Familiarity breeds contempt and with it carelessness. The answer to these questions is an efficient and understanding management, and in this matter it has been the good fortune of the controllers of these experiments to have had men who have known the old conditions, and the miseries and discomforts that have been a relic of these conditions. This knowledge has been a driving force in improving conditions and maintaining them, but it is because of the long time-lag before the good results of dust suppression are seen that the greatest care must be taken in maintaining the enthusiasm of the workmen.
A final word must be said about the mutual respect and trust between the medical officer and the management on the one hand, and the workmen on the other. From the medical point of view the relationship of doctor and patient must be maintained inviolate. If the medical officer finds, during a routine examination, that there is some deviation from the normal health, whether it be from an occupational or other cause, his duty must primarily be to the patient, who has an absolute right to an explanation of the reason for the medical officer's opinion. It may be that, in the future, cases will be found who show early evidence of dust inhalation, and it is the object of this organization to take such a man away from risk and provide for him some other means of earning a living, and there must be no prejudice against the workmen. It is to be hoped that such a necessity will not arise, but ways and means should be found for the just disposal of such a case. Summary 1. The haematite deposits are in two locations, north and south. The north mines produce pulmonary fibrosis, the south do not.
2. The disease has probably been prevalent for at least 40 years, i.e. before the advent of pneumatic drills.
3. Uncomplicated pneumoconiosis or radiological reticulation is not, of itself, an incapacitating condition. The single incapacitating and death-causing factor is infection, usually tuberculosis.
4. The condition of dustiness in the West Cumberland mines before 1935 was intense, many millions of particles per c.cm. A new regime was introduced in 1935. Dust allaying by the mist projector has diminished the dust content of the air to an average of 2,500 particles per c.cm., i.e. approximately 250 particles of silica per c.cm. A complete medical service selects only fit men for work. Workmen are radiographed before admission and periodically thereafter. The results of engineering and medical control has resulted, after a 10-year period of trial, in 100 per cent. success.
5. Although it is too soon to predict, it is suggested that silicosis will probably cease to be a problem if the incidence of tuberculosis is strictly controlled and eventually eradicated.
